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1. Introduction 
It rs well estabhshed that a dynamic equilibrmm 
exrsts between 70 S ribosomes and 50 S and 30 S 
subunits [l-4]. Several groups [S-12] have shown 
that IF-3 binds to the 30 S subunit, preventing asso- 
ciation of the subunits, thereby smftmg the dynamic 
eqmlibrmm toward dissocration. Further work has 
mdrcated that the drssocration of 70 S ribosomes 
mediated by IF-3 [9,12-IS] 1s enhanced by IF-l, 
however, the mechanism by which IF-1 functions m 
this process 1s still unclear. The pnmary method used 
to study ribosomal drssociation has been sucrose 
density gradient centrrfugatron [5-l 1,13-151. The 
data obtained by this method are sometimes difficult 
to interpret because of the artifactual association and 
dissociatron of the nbosomes which occur during the 
course of the centrrfugation [l-4] More recently, 
hght scattering has been employed to measure 
ribosomal dissocration [ 121. 
In this mvestigatron we have studied the effects of 
IF-l and IF-3 on the dissociatron of 70 S nbosomes 
using a simple, two-step assay procedure which 1s 
based on the observations m [l&17]. 
(1) Starting with 70 S rrbosomes, maximal bmdmg 
of fMet-tRNA directed by AUG is obtamed at 
25°C u-r the presence of IF-l, IF-2, IF-3 and GTP, 
however, very little bmdmg is observed at 0°C. 
(11) Dissociation of 70 S rrbosomes mediated by IF-3 
and IF-1 occurs rapidly at 25°C but slowly at 0°C 
(m) Starting with isolated 30 S subunits, AUG-directed 
binding of fMet-tRNA occurs rapidly at 0°C m 
the presence of IF-2 and GTP. 
In the first step of the two-step assay, 70 S ribosomes 
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are incubated at 25°C with or without IF-1 and IF-3. 
In the second step, the temperature IS lowered to O”C, 
IF-2, Bvlet-tRNA, GTP and AUG are added, and the 
reaction mixture is incubated at 0°C The amount of 
fMet-tRNA bound to the ribosomes 1s determined by 
the Mrllipore filter technique [ 181 and is a measure 
of the amount of dissociation occurring durmg the 
first step. 
Using this two-step assay procedure, we find that 
IF-1 enhances both the rate and the extent of rrbosomal 
dissocration obtained with IF-3, and the degree of 
enhancement observed with IF-1 is dependent upon 
the concentrations of Mg2’ and NH4+. 
2. Experimental procedures 
2.1. Inltiatlon factors 
IF-I, IF-2 and IF-3 were isolated from the 1 M 
NH&l wash of E coli Q13 or MRE 600 rrbosomes 
by a modification of the procedures m [ 17,191 The 
O-80% ammomum sulfate precipitate obtained from 
the rrbosomal wash was applied to a DEAEcellulose 
column m buffer D (50 mM TriseHCl (pH 7.5), 0.5 mM 
drthrothreitol, 1 mM EDTA and 10% glycerol) con- 
taining 0.05 M NH&l Both IF-1 and IF-3 were 
recovered m the effluent, IF-2 was retained by the 
column and was eluted with buffer D containing 
0.25 M NH&l. IF-1 and IF-3 were separated by chro- 
matography on phosphocellulose usmg a linear gradient 
from 0.1-0.6 M NH&l m buffer D. IF-1 eluted from 
the column at -0.2 M and IF-3 at -0.4 M NH&l. 
IF-1 and IF-3 were further purified by chromatography 
on Sephadex G-50 and G-75, respectively. IF-2 was 
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purified by chromatography on phosphocellulose as
in [ 171. Protein concentrations were determined by a 
modification of the Fohn-Lowry procedure [20]. 
SDS-gel electrophores1s m&cated that the factors 
were > 90% pure. 
2.2. Riboso~~s 
Salt-washed nbosomes were prepared from E. co&W 
or MRE 600 cells as in [21]. IZlbosomes, 70 S, free of 
30 S subunits, were isolated by centrlfugatlon through 
a lo-30% (w~v) linear sucrose gradient in buffer Z 
(20 mM Tr1sHCl (pH 7 7), 0.1 M NH&l, 1 mM 
dlthlothreltol and 10 mM MgCls) for 3.5 h at 48 000 
rev 1mi.n at 4% in a Beckman Ti-14 zonal rotor. The 
peak fractions in the 70 S region were pooled and the 
nbosomes were collected by centnfugat1on at60 000 
rev./min for 12 h at 4’C m a Beckman T1-60 rotor, 
The 70 S ribosomes were then resuspended at 50 mglml 
m buffer C (10 mM TrisHCl (pH 7 7), 10 mM MgC12, 
50 mM MgC12, 50 mM NH&l and 1 mM drthrothrertol) 
and were stored in small ahquots at -7O’C 
2 3. Two-step dissociation assay 
The first incubation mixture contamed 1n 0.075 ml: 
45 mM Tr1s HCl (pH 7.7), 80 mM NH&l, 5 mM MgQ, 
5 mM dithiothreitol, 10 fig bovme serum albumin, 
0 72 Aza umts of 70 S nbosomes (--18 pmol), and 
IF-3 and IF-l, as mdlcated. The reaction mixture was 
incubated for 5 mm at 25% and then placed m an 1ce 
bath. For the second incubation, the volume was 
Increased to 0.15 ml, and 2 @g IF-2,0.2 Azao umts of 
AUG, 45 nmol GTP and 15 pmol f [‘HIMet-tRNA 
(400 cpm/pmol), prepared as m [ 18,191, were added 
The final con~ntrat~ons of the other components of 
the reactron mrxture were as follows: 50 mM Trrs HCl 
(pH 7.7), 5 mM MgCls, 100 mM NH&l and 5 mM 
drthiothreitol. After 5 min incubation at O”C, the 
amount of ~3H]Met-t~A bound to the rlbosomes 
was determined by the Mtllipore filter techmque as 
in [18] 
2 -4. Sucrose gradrent analysts 
To measure ribosomal dtssocration by the sucrose 
density gradient method, 70 S nbosomes (-18 pmol) 
were mcubated as above for the first step of the two- 
step assay procedure. After 5 mm at 25OC, the reactron 
mixture was placed m an Ice bath and 0.075 ml 
50 mM TrrsHCl (pH 7 7) containing 5mM MgC12, 
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100 mM NH&l, and 1 mM drthiothrettol was added. 
The entire sample (0.15 ml) was layered on a 14 ml 
hnear lo-301 (w/v) sucrose gradient m buffer Z 
contammg 5mM MgCl, and was centrrfuged at 
20 000 rev./mm for 18 h at 4°C m a Beckman SW-40 
rotor. After centnfugation, the absorbance profile at 
254 nm was obtamed by the use of an ISCG gradient 
analyzer and recorder. The areas under the peaks m 
the 30 S, 50 S and 70 S regions were measured with a 
plammeter. The % dissociatron was determined by 
drvidmg the sum of the areas under the 30 S and 50 S 
peaks by the total area under all three peaks. The no. 
pmol of dissociated ribosomes was calculated from an 
average of the % dissociation obtained for duplicate 
samples. 
3. Results 
As shown in table 1, very httle bindmg of IMet-tRNA 
was obtained when 70 S ribosomes were incubated at 
25’C for 5 mm m the absence of NJ-1 and IF-3 and 
then mcubated for 5 min at 0°C m the presence of a 
stoichiometric amount of IF-2. Nostgmficant increase 
in the amount of fMet-tRNA bound was observed 
when IF-l, IF-3, or IF-1 and IF-3 were present only 
durmg the second incubation, nor was a significant 
increase obtained when IF-l alone was added to the 
Table 1 
The amount of fMet-tRNA bound to rlbosomes m response 
to IF-3 and IF-1 added to the first or second step of the 
two-step bmding assay 
1st mc 5 min 25°C 2nd mc 5 mm 0°C fMet-tRNA 
bound (pmol) 
IF-l IF-3 IF-1 IF-3 
_ _ 0.5 
- + - 0.6 
- - + 05 
- - + + 07 
+ - 06 
- + 20 
+ + 21 
+ - + 1.2 
+ + - 77 
The reactions murtureswere supplemented w&b i pg IF-3 and 
2 5 pg IF-1 as mdicated. In all of the above the second mcu- 
batlon mixture contamed 2.0 pg IF-2 
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first mcubation mixture. However, addrtion of IF-3 
to the first incubation mixture produced a 3-4.fold 
increase in the amount of fMet-tRNA bound. The 
amount bound was not srgnificantly greater when IF-1 
was added to the second mcubation mixture. If IF-l, 
as well as IF-3, were present dunng the first mcuba- 
tron, the amount of fMet-tRNA bound was 3-4-times 
greater than that obtained with IF-3 alone. 
The data m fig.lA show that about 2 pmol fMet- 
tRNA were bound to the ribosomes when 1 pg IF-3 
was added, and that the bmding of fMet-tRNA drd 
not increase when the amount of IF-3 was increased 
to 4 ,ug. Results obtained from a large number of 
experiments showed that the maxnnal amount of 
fMet-tRNA bound without IF-l under this specific 
set of condrtions, i.e., 5 mM Mg’+ and 80 mM NHd, 
was 1.5-3 pmol/l8 pmol nbosomes. Addrtron of 
IF-l, as well as IF-3, to the first mcubation mixture 
increased the amount of fMet-tRNA bound to 
-10 pmol. The amount of IF-l necessary to obtam 
maximal stimulation was 1 pg (fig.1 B). In separate 
experiments rtwas found that the amount of iMet- 
tRNA bound m the presence of both IF-3 and IF-1 
ranged from 7-10 pmol/l8 pmol nbosomes, varymg 
from one preparation of rrbosomes to another. These 
data mdicate that only 30-50% of the ribosomes are 
I 2 3 4 
IF-3 tug) IF-I (Rg) 
Frg 1. fMet-tRNA bound to nbosomes m response to IF-3 
and IF-l. In (A) the first mcubation mrxture contamed IF-3, 
111 the amounts mdicated, and either no IF-1 (-o-o-) or 
2.5 pg IF-1 (-e-e-). In (B) the first mcubatron mixture 
contamed 1 @g IF-3 and IF-1 m the amounts indicated. The 
amount of fMet-tRNA bound was determmed as m sectron 2 
06 
IO 6 6 4 2 IO 6 6 4 2 
VOLUME hl) 
Fig 2 The effects of IF-3 and IF-I on the drssoaatron of 70 S 
rrbosomes. 70 S ribosomes (-18 pmol) were mcubated for 
5 mm at 25’C m the presence or absence of IF-1 and IF-3 
as mdrcated (A), no factors ( -_) and 2 5 pg IF-1 
(-----), (B), 1 pg IF-3 ( -) and 1 pg IF-3 and 2 5 Gg 
IF-1 (-----) Sucrose density gradrent analysis was carried 
out as m sectron 2 
capable of bmding fMet-tRNA and are m agreement 
with the findings of other investrgators [9,11,13]. It 
is of interest o note that the amount of IF-3 necessary 
to obtam half-maxnnal bindmg m the absence of IF-l 
and m the presence of IF-1 was -0.5 pg or 22 pmol 
m both cases. When the number of ribosomes was 
increased 2.fold (36 pmol), the amount of IF-3 required 
for half-maximal bmdmg increased 2-fold and the 
amount of IF-I required also increased proportronately. 
To confirm that the amount of binding obtained 
m response to the addition of IF-3, or IF-3 and IF-I, 
in the first step of the assay was due to an mcrease in 
the amount of dissociation that occurred uring the 
first mcubation, 70 S nbosomes were incubated under 
the rdentical conditions used for the first step of the 
assay. The second step was omitted, and the reaction 
mrxtures were analyzed by the sucrose density gradient 
method. As shown in fig.2A, a small amount of the 
nbosomes (-10%) drssociated under these condltlons 
m the absence of IF-I and IF-3, and no detectable 
Increase m dissociation was obtamed when the ribo- 
somes were mcubated wrth IF-l alone. An Increase 
m the amount of 30 Sand 50 S subunits was obtained 
with IF-3 alone, and a still greater increase was 
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Table 2 
Comparison of the two-step bmding assay and the sucrose 
density gradrent method of measurmg dissociation of 70 S 




IF-l, 2.5 fig 
IF-3,1.0 gg 















IF-3,l .O c(g 1.2 6.7 8.1 6.1 
obtained when both IF-3 and IF-1 were present 
(flg.2B). Increased amounts of IF-3 alone (< 4 ,ug) 
did not mcrease the degree of drssociatron significantly 
above that obtained with 1 I.rg IF-3 alone. 
A comparison of the results obtained by the two 
procedures i given in table 2. In the absence of IF-3 
and IF-1 the amount of dissociation observed on 
sucrose gradients was greater than the amount of 
fMet-tRNA bound in the two-step assay procedure. 
When the values obtained m the absence of factors 
were subtracted from the values obtamed in the 
presence of the factors, a close correlation between 
pmol fMet-tRNA bound and pmol ribosomes disso- 
ciated was obtained. With either procedure a3-4-fold 
stimulation was observed when IF-1 was added m the 
presence of IF-3. Thus, the two-step assay procedure 
provides arapid and simple means of studymg ribosomal 
dissociation 
Using the two-step bmdmg assay, the rate at which 
factor-mediated ribosomal dissociation occurred was 
determmed. As described in the legend to fig.3, the 
first mcubatron time was varied from O-20 min, 
while the second step mcubatron time was held 
constant at 5 min. When IF-3 and IF-l were present 
m the first mcubatron mixture, the amount of fMet- 
tRNA bound increased with the first mcubation time 
up to 5 mm, at which time maximal binding (-8 pmol) 
was obtained. When IF-3 alone was present m the 
first incubation mixture, the amount of Met-tRNA 
bound also increased with time up to 5 mm. However, 
the amount bound after 5 mm was only 2-3 pmol, 
and no further increase m the amount of fMet-tRNA 
108 
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TIME (mid 
Ftg.3. The effects of IF-3 and IF-1 on the rate of rrbosomal 
dissocratron. 70 S nbosomes (-18 pmol) were mcubated at 
25°C for the time periods mdicated in the absence of IF-3 
and IF-1 (-O--O-), wrth 3.0 (rg IF-1 (-o--o-); with 
1 5 pg IF-3 (-e-e-), and with 3.0 clg IF-1 and 1 5 pg IF-3 
(-o-o-). The mcubation mtxture was then supplemented 
wrth IF-2, AUG, GTP and f[sH]Met-tRNA, and the amount 
of f[‘H]Met-tRNA bound to nbosomes was determmed as 
in section 2 
bound was observed when the time of mcubation was 
extended up to 20 mm. 
Reports from other laboratories [ 11 ,151 have mdr- 
cated that the extent of dissociation obtained with 
IF-3 and the degree of stimulation obtamed with IF-1 
is greatly dependent upon the concentrations of
monovalent and divalent cations. In all of the experi- 
ments described thus far, the concentrations of Mg’+ 
and NH4’ were 5 mM and 80 mM, respectively, m the 
first step of the assay. The data in fig.4 show the 
effects of altering the concentrations of Mg*’ and 
NHll’ m the first mcubation mrxture while mamtammg 
these ions at S mM and 80 mM in the second mcuba- 
tion mixture. As seen m ftgAA lowermg Mg2+ from 
5 mM to 2.5 mM produced a slight increase m the 
amount of fMet-tRNA bound in the absence of IF-3 
and IF-l, mdicating that slightly more ribosomal 
dissociation was occurnng at 2.5 mM Mg2+ in the 
absence of added factors. When the ribosomes were 
incubated at 2.5 mM Mg” with IF-3 alone, the amount 
of Net-tRNA bound was consrderably greater (about 
4-fold) than that observed at 5 mM, and only a slight 
stimulation was obtained with IF-l. Raising Mg2+ to 
7.5 mM decreased the amount of binding obtained 
with IF-3 alone and slightly increased the strmulatory 
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Fig 4. The effects of Mg* and NH,+ on the dissoclatron of 
70 S nbosomes m the presence of IF-3 and IF-1 70 S nbo- 
somes (-18 pmol) were incubated m the absence of IF-3 
and IF-1 (-•--o-),m the presence of 1.5 ~cg IF-3 (-o--o-_), 
and m the presence of 1 5 fig IF-3 and 3 0 pg IF-1 (-*--a--> 
In (A), the concen~atlon of Mgl’ m the first lncubatron mix- 
ture was vaned as mdxated, the concentration of NH,+ was 
80 mM In (B), the concentration of NH,,* m the first mcuba- 
tion mutture was varied as mchcated, the concentrations of 
Mg” and NH,+ m the second incubation were adJusted to 
5 m&i and 80 mM, respectively. 
effect of IF-I. As shown m figAB, raising the concen- 
tratlon of NH.,* produced effects similar to those 
obtained by lowering the concentration of Mg2”. 
4. Discussion 
In tls mvestlgation we have developed atwo-step 
assay procedure for measuring the dissociation of 70 S 
nbosomes. The.procedure isespecially useful m 
studying the effects of IF-1 and IF-3 on dlssoclatlon, 
srnce It confines the dlssoclatlon event o the first 
step and is therefore un~omphcated byany effect of 
IF-I on the recycling of IF-2. Usmg this procedure, 
we find that IF-1 enhances both the rate and the 
extent of dissociation obtained with IF-3. The effect 
of IF-1 on the rate of dissociation can be readdy 
explamed on the basis of previous fmdings. 
(I) IF-l increases both the forward and backward 
rate constants for the reactlon 70 S + 30 S + 
50 s [12]. 
(II) IF-I Increases the rate of subunit exchange [9]. 
If the sole function of IF-l is to enhance the rate at 
which 30 S subunits become available for IF-3 to 
bind, then gven sufficient ime, the amount of disso- 
ciation obtained with IF-3 alone should approach 
that obtained with IF-l and IF-3. However, we find 
that under certam expenmental conditions (5 mM 
Mg2’, 80 mM NH,‘) the total amount of dlssoclatlon 
attainable with IF-3 alone remains 3-6-fold lower 
than that obtamed with IF-I and IF-3. These data 
indicate that IF-l does more than enhance the rate 
at which 30 S subunits become avallable. Small 
mcreases mthe extent of dissoclatlon due to the addi- 
tlon of IF-1 have been reported by other Investigators 
We find, as have others [I 1,12,15], that the 
amount of nbosomal dissociation attainable with IF-3 
alone is dependent upon the concentrations of Mg2+ 
and NH,‘, and consequently, the degree of stunula- 
tion observed with IF-l will vary, depending upon the 
concentrations of these Ions. A possible xplanation 
for these fmdmgs is that IF-l, Mg2+ and NH4+ affect 
the affinity of IF-3 for the 30 S subunit, thereby 
shifting the overall equihbnum further toward dlsso- 
elation. A second possibility 1s that there are two 
populations of ribosomes, one which dissociates m
the absence of IF-1 and one which does not dissociate 
m the absence of IF-l, and that the relative amounts 
of these two populations of rlbosomes vary depending 
upon the iomc conditions, m particular the concen- 
tratrons of Mg2+ and NH4+. 
Recently it has been shown that after treatment of 
70 S nbosomes with cloacin, which cleaves the 16 S 
RNA of the 30 S subumt, the ability of IF-I to stunu- 
late IF3-mediated issociation 1s lost [22]. In addltlon, 
it has been found that upon fixation with dimethyl 
suberlmidate 30 S-IF-l complexes, but not 70 S-IF-1 
complexes, can be isolated [23 J. These data mdicate 
that IF-I must exert its effect on the 30 S subumt. 
However, it is still unclear how the interaction between 
IF-1 and the 30 S subunit enhances both the rate and 
the extent of dlssoaation of 70 S nbosomes. 
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